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NOTE:     This  statement  on  soil  conservation  probleims  and  practices   in  the  southwest 

HAS    BEEN    PREPARED    AS    T H E . C 0 N T R I B U T 1 0 N    OF    THIS    REGION    OF    THE    SOIL  CONSERVATION 
SERVICE    TO    A    CONSERVATION    EDITION    OF    SOIL    SC I ENCE,    WHICH    WILL    BE    ISSUED    IN  OCTOBER, 
1947.      PENDING    PUBLICATION    OF    THE    MATERIAL     IN    THAT    JOURNAL,    THEREFORE,  DISTRIBUTION 
OF    THE    MANUSCRIPT    IS    ONLY    FOR    I  N-S  E  R  V  I  d  E',  IjSJFO  R:.-1  A  T  I  0  N    AND  REFERENCE. 


SOIL  CONSERmnOH  III  THE 
SOUTITO'EST  REGION 


Miles  from  highway  or  village,  a  unique  concrete  obelisk  near  the  San 
Juan  River  marks  the  only  four-state  corner  in  the  Nation.     Here  Arizona,  Utah, 
Colorado  and.  New  Mexico  have  their  common  corner.    And  here  is  the  center  of 
l421,I|.0l(.  square  miles  of  sparsely  settled  agricultural  area  mth  physiography, 
climate,  soil  types,  land-use  patterns  and  human  occupants  so  varied  as  al- 
most to  defy  any  but  encyclopaedic  description. 

THE  REGION 

This  is  the  area  which  the  Soil  Conservation  Service  calls  its  South- 
west Region  and  within  which  it  hj3.s  been  evolving  for  some  twelve  years  a 
program  of  .soil  and  water  conservation.     This  program  is  today  being  carried 
out  by  farmers  and  ranchers"  mthin  more  than  200  soil  conservation  districts, 
already  embracing  better  than  106,000,000  acres  of  privately  o-wned  land  in 
these  four  States, 

Besides  a  common  corner,   these  four  States  h^ve  in  common  a  great  and 
consuming  dependence  upon  grass  and  irrigation  water  which  makes  the  vrord 
"watershed"  here  more  meaningful,  perhaps,  than  an;/where  else  in  the  Nation, 
E^^"en  the  dry  land  farming  areas  are  involved  in  the  v^atershed  relationship 
because,  although  not  using  irrigation  water,  they  often  contribute  sediment 
which  affects  other  portions  of  the  watershed. 

Within  the  Southwest  Region  are  the  Colorado  Basin  including  the  Gila; 
the  Rio.  Grande  and  its  chief  tributary  the  Pecos;  the  Rocky  Mountains, 
satch  Mountains,  Colorado  Plateau,   Great  Efetsin,    -and  many  minor  mountains  ind 
.  mesas.     The  Region  h^s  great  topographic  variety,  vath  rugged  mountains, 
broad  plateaus,  deep  canyons,  cliffs,   extensive  alluvial  valleys,  bare  salt 
flats  and  ancient  lake  sites.     Elevations  range  from  more  than  liijOOO  feet 
above  sea  level  in  the  Rockies  to  less  than  200  feet  in  the  desert  lowlands 
of  southern  A-rizona. 

In  general,  precipitation  increases  vdth  elevation,  ranging  from  3i" 
inches  in  the  lower  Colorado  drainage  to  more  than  LiO  inches  in  the  mountains. 
Si^L.sonal  distribution  varies  greatly.     In  most  of  the  Region,  precipitation 
is  inadequate  to  produce  satisfactory  crops  consistently  without  irrigation. 
Extreme  diiornal  temperature  variations  and  excessive  heat  and  cold  are  typi- 
cal, with  a  mean  annual  temperature  of  50°  F  in  the  major  portion  of  the 
Region. 

Soil  types  are  as  varied  as  the  topography,  parent  rocks  and  climate 
which  produced  them.     Nature's  restless  forces,  abetted  by  man's  activities, 
have  shifted  the  soil  forming  materials,  but  despite  the  complex  environ- 
ment, rather  definite  soil  areas  can  be  recognized  and  described. 
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Soils  of  the  Great  Plains  are  derived  largely  from  Rocky  Mountain  ero- 
sional  debris  and  loess  blomi  from  these  materials.     They  are,  in  general, 
deep  to  moderately  deep,  medium  to  moderately  heavy  textured  with  interspersed 
areas  of  sandy  soils.     The  Rocky  Hoi;ntains,  Wasatch,  and  the'  high  mountainous 
areas  of  Arizona  and  New  I\'ie:dco  have  extremely  variable  soils  ranging  from 
very  shallow  lithasols  to  deep  highly  organic  mountain  valley  soilsi  Soils 
of  the  Colorado  Plateau  and  Bonneville  Efeisin  belong  principally  to  the  north- 
ern desert  group.     Depth  varies  from. shallow  to  moderately  deep  and  the  soils 
are  moderately  heavy  textured,  highly  calcareous  and  often  contain  saline 
deposits.     The  southern  extension  of  the  Basin  and  Range  Province  is  domd- 
nated  by  soils  of  the  southern  desert  group.     They  vary,  but  are  generally 
moderately  deep  to  deep  and  moderately  heavy  exce^it  in  southeastern  New 
Mexico  where  sandy  soils  occur. 

Throughout  the  Region,  recent  alluvial  soils  occur  in  the  principal 
river  valleys.     These  are  extremely  variable  in  texture  and  depth  and  many 
sections  are  affected  by  salts  and  high  v/ater  table,     Vihere  irrigation  is 
by  direct  diversion  of  stream  flow,   deposition  of  undesirable  sediments  and 
colloidal  material  often  causes  the  soils  to  become  heavy  textured  and  re- 
duces moisture  penetration, 

A  GRI CULTUR 3  AND  POFUIATT  ON 

Although  irrigated  lands  comprise  only  2,U  percent  of  the  total  land 
area,  6l  percent  of  all  farms  and  LiJ-i.  percent  of  all  crop  land  in  this  Region 
were  irrigated  in  I9U0,     The  value  of  irrigated  crops  is  probably  60  to  75 
perceiit  of  all  crops  produced. 

The  irrigated  desert  lands  are  intensively  farmed  and  land  values  are 
high.     Citrus,  cotton,  alfalfa  and  year-round  vegetable  crops  predominate, 
'In  the  irrigated  valleys  at  higher  elevations,  potatoes,  sugar  beets,  small 
grains,  alfalfa,  tame  hay,  fruits  and  vegetables  are  the  main  crops.  Through- 
out .  the  Region  are  hundreds  of  small  valleys  where  part-time  and  subsistence 
farming  is  predominant.     Part-time  farming  is  also  common  in  areas  adjacent 
to  the  larger  cities.     These  part-time  and  subsistence  areas  are  often 
farmed  intensively,  producing  fruits  and  vegetables. 

The  greater  part  of  the  Region,   some  72,5  percent,  is  used  entirely 
for  grazing.    Another  22  percent  is  covered  with  trees  and  used  primarily 
for  the  production  of  vrood  products,    A  large  portion  of  this  forest  land, 
however,   contains  fair  stands  of  grass  and  is  also  used  for  grazing. 

The  major  dry  land  farming  areas  are  in  eastern  New  Kexico,  eastern 
Colorado  and  northern  Utah,  although  many  smaller  areas  are  spotted  through 
the  Region  w-herever  rainfall  approaches  adequacy.     The  dry  land  crop  area 
takes  in  about  3*1  percent  of  the  total  land  area,  with  wheat,  sorghums 
and  beans  the  major  crops. 
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Slightly  less  than  one- fourth  of  the  total  population  of  -2,^014.,  104-  was 
classified  as  rural  farm  population  in  I9U0,     The  larger  part  of  the  popula- 
tion is  found  in  the  major  irrigated  areas  where  intensive  farming  is  prac- 
ticed, while  dry  land,  range  and  forest  areas  are  sparsely  settled.     In  Mari- 
copa County,  Arizona,   largely  irrigated  land,  one-third  of  the  State's  total 
population  and  also  one-third  of  the  rural  farm  population  is  concentrated. 
About  79  percent  of  the  total  population  and  62  percent  of  the  rural  farm 
population  of  Colorado  live  in  three  irrigated  areas — the  South  Platte, 
Arkansas  and  lower  Colorado  and  Gunnison  River  valleys,  about  onQ-third  the 
State's  total  area.     The  same  pattern  prevails  in  Utah,  viiere  about  59  per- 
cent of  the  State's  total  population  and  30  percent  of  the  rural  farm  popu- 
lation reside  in  Salt  Lake,  Feber  and  Utah  counties,  an  area  vath  large 
irrigated  acreage  and  comprising  U  percent  of  the  State.     In  HeViT  Mexico ,  also, 
most  of  the  people  live  within  irrigated  areas  such  as  the  Rio  Grande,  Pecos, 
San  Juan  and  Upper  South  Canadian  valleys, 

HISTORICAL  INFLUH\ICES 

Indians  were  the  Region's  first  farmers,   located  for  the  most  part  in 
the  main  river  valleys  where  Spanish  explorers  found  them  using  primitive 
irrigation  methods.     The  Spanish,  bringing  vdth  them  a  background  of  irriga- 
tion   settled  and  began  to  farm,  improving  on  the  crude  Indian  methods. 
These  tv/o  groups  were  the  Region's  only  a'i;riculturali sts  when  the  Mormons 
entered  Utah  in  181.1.7.     The  Mormons,  in  turn,   developed  irrigation  farming. 
Modern  irrigation  began  in  Arizona,  Colorado,  and  New  Mexico  in  the  late 
1850 's  and  has  made  rapid  progress,  particularly  after  many  of  the  large 
projects  were  opened  up  with  aid  under  the  Reclamation  Act  of  1903* 

The  earliest  Spanish  settlers  brought  livestock  into  the  Region,  but 
it  remained  for  the  last  twenty  years  of  the  19th  century  to  v/itness  the 
great  expansion  in  cattle  and  sheep,  declining  again  in  the  first  years  of 
this  century.     In  the  prairies  east  of  the  Rockies  there  was  an  early  scat- 
tering of  homesteaders,  but  development  of  much  of  that  area  ivas  slow  \mtil 
the  wheat  boom  of  Yiforld  1/Tar  I.    Many  land  problems  of  today  can  be  traced 
back  to  the  early  land  policies  of  the  United  States  Government,  which  ignored 
limitation  of  rainfall  and  limited  water  supplies  in  streams  and  ground  water 
basins  and  set  a  homestead  pattern  of  farm  units  too  small  for  economic  use 
under  semi -arid  conditions. 

Thus,  early-day  efforts  to  obtain  q"uick,  rich  rewards  from  the  land 
have  handed  down  to  this  Region  a  heritage  of  declining  land  conditions  and 
a  set  of  land  use  practices  too  often  incompatible  with  sound,  long-time 
husbandry  of  the  soil. 
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mTERSHED  RELATIONSHIPS 


Most  of  the  factors  affecting  water  supply  have  their  origin  in  the 
use  of  range  and  forest  lands  on  each  "watershed.    Accelerated  erosion  is 
taking  place  on  more  than  90  percent  of  the  range  and  forested  lands  of  the 
Region,     Over  half  of  these  lands  are  eroding  at  a  moderate  to  high  rate. 

At  low  elevations  where  annual  precipitation  is  less  than  five  inches,  - 
the  land  surfa.ce  usually  has  been  fairly  stabilized  by  a  gravel  or  rock 
cover,  although  some  sandier  soils  are  susceptible  to  wind  erosion.    As  ele- 
vation increases,  erosion  conditions  on  lands  up  to  about  6,000  feet  are 
acute  because  of  the  wide  variation  in  moisture  from  year  to  year  and  corre- 
sponding fluctuation  in  the  quantity  of  protective  vegetation  produced.  As 
aggregated  surface  soils  are  lost,  the  less  permeable,   dispersed  subsoils 
are  exposed.     Consequently,  revegetation  of  the  watershed  lands  becomes  pro- 
gressively more  difficult  and  increased  r\:vnoff  concentrates  to  form  gullies 
in  the  most . productive  portions--the  deep  soils  of  the  valleys. 

Depletion  of  vegetation  by  improper  rrazin^  lias  been  the  principal 
cause  of  frequent  floods  and  a  rapidly  rising  toll  of  sediment  damage  in  the 
irrigated  areas — tv/o  effects  of  watershed  abuse  v/.iich  tiir eaten  the  exisxence 
of  a  large  irrigated  acreage  in  the  next  generation  or  tv;o,  to  say  nothing 
of  the  economic  effect  on  the  ranching  industry  itself. 

Damaging  floods  liave  occurred  with  increasing  frequency  in  all  the 
drainage  basins  of  the  Region.     For  example,  before  1920,   such  floods  swept 
down  the  Rio  Grande  on  an  average  of  every  four  and  one-h^lf  years.  Since 
192c,  they  have  come  every  three  and  one-half  years.     The  increasing  sediment 
load  in  streams  has  clogged  stream  charj.iels,  brought  on  drainage  and  land 
leveling  problems,  and  caused  damage  to  irrigation  and  drainage  canals  and 
structures,  as  v/ell  as  to  land  and  crops,     Iviost  dramatic,  perliaps,  is  the 
sedimentation  of  large  storage  reservoirs  of  the  Region.     To  illustrate, 
Mcl.:illan  Reservoir  in  southeastern  Nevf  ilexico,  built  in  the  nineties  to  store 
flood  mters  for  irrigation,  is  nearly  full  of  sediment.    Alamogordo  Reservoir, 
built  in  1937  "to  take  the  place  of  lucl'iillan,  is  already  seriously  impaired 
and  will  be  irirtually  useless  in  tv;enty  years  more. 

The  irrigation  districts  dov/nstream,  wMch  depend  almost  entirely  on 
storage  of  flood  flows  too  large  for  the  upper  valley  farmers  to  divert  into 
their  canals,  oppose  soil  conservation  measures  on  vra-tershed  lands  which 
would  protect  all  interests  from  these  erosion  daar.ages.     They  fear  tiiat  any 
work  on  the  watershed  will  reduce  the  amount  of  water  reaching  their  reser- 
voirs, failing  to  recognize  tlmt  the  principal  sources  of  water  and  se^tLment 
are  not  the  same,     i-ost  of  the  sediment  is  produced  below  6,000  feet  eleva- 
tions, where  precipitation  varies  from  5  "to  12  inches.     The  high  mountain 
areas,  where  the  bulk  of  the  water  originates,  produce    negligible  amounts 
of  sediment. 

At  the  same  time,  ranchers  resent  any  attempt  to  restrict  the  number 
of  cattle  or  sheep  they  can  graze  on  vra.tershed  lands  even  though  improved 
range  conditions  will  be  of  first  advantage  to  them.     Since  most  western 
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watershed  lands  are  publi cly-ovmed,  it  is  ha.rd  to  understand  why  the  public 
generally  does  not  become  more  ava.kened  and  demand  action  to  remedy  the  cause 
of  sediment  and  flood  problems. 

The  larger  irrigation  districts  in  the  lower  valleys  usually' were 
developed  last  and  compete  for  water  with  many  small     scattered  irrigated 
areas  in  the  upper  valleys.     Competition  for  water  by  groxving  municipalities, 
TAlldlife  and  recreation  interests  and  nev;  industries  adds  further  complica- 
tions to  the  va.ter  picture  in  most  basins. 

•    .  X  X  X  X 

These  preliminary  observations  should  point  to  the  fact  that  erosion 
and  land  use  problerns  of  irrigated  land,  dry  farm  land,,  and  range  and  forest 
v.'atershed  lands  are  closely  interrelated.     For  convenience,  however,  work  of 
the  Soil  Conservation  Service  in  the  Southwest  Region  can  best  be  described 
separately  for  each  major  land  use  division. 

X  X  X  X 


IRRIG/VTION 

Irrigation  is  essential  to  farming  under  the  arid  and  semi-arid  con- 
ditions v/hich  prevail  in  a  large  part  of  the  Region,  with  water,  rather  than 
land,  the  limiting  factor  in  development  of  irrigation  agriculture.  Since 
practically  all  surface  flow  has  already  been  allotted,  there  is  little  oppor- 
tunity to  put  more  land  under  irrigation  from  that  source.     Some  land,  princi- 
pally in  Arizona  and  Mev^r  Kexico,  is  watered. by  pumps,  but  most  ground-water 
areas  are  already  over-developed.     It  is  sometimes  possible  but  usx^ally  very- 
difficult  to  transfer  v/ater  to  different  lands.     So,  the  importance  of  con- 
serving the  land  now  under  irrigation,  as  well  as  the  water,  becomes  immediately 
apparent  if  we  aro  to  secure  maximum  utilization  of  these  natural  resources. 
Authoritative  estimates  shov^  that  less  th^n  half  of  the  v/ater  is  actually 
used  to  supply  crop  requirements;  the  rest  is  lost  through  evaporation,  deep 
percolation,  and  transpiration  byimmnted  vegetation.     Some  "of  the  v/ater 
lost  through  deep  percolo.tion  is  recovered  in  ret\xrn  flov/;  nevertheless,  the 
chief  hope  for  improvomcnt  or  even  maintenance  of  the  present-  status  of  irri- 
gation agriculture  in  this  Region  lies  in  saving  "water  now  lost. 

Existing  state  laws  are  not  alvjayj  conducive  to  efficient  use  of  water, 
"Beneficial  use"  is  necessary  to.  obtain  a  right  to  use  the  vra.ter,  but  bene- 
ficial use  is  not  alvra.ys  clearly  defined  and  inefficient  use  is  frequently 
coi.doned.     Birly  downstream  rights  may  require  the  passage  of  large  flov/s  of 
Viiater,  most  of  which  may  be  lost  in  transit.     The  states  of  Arizona  and  Colo- 
rado need  lav/s  to  provide  for  better  use  of  underground  Vi/ator  supplies, 

l/feLtershcd  problems  affecting  water  supply  have  already  been  described 
but  it  should  bo  pointed  out  that  the  "flashy"  nature  of  runoff  has  created 
a  serious  problem  for  systems  which  depend  upon  surface  flov/  alone  for  their 
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supply.    Most  of  the  small  systems,  which  irrigate  about  80  percent  of  the 
land  in  this  Region,  are  in  this  category.     Thus,  rmny  storage  reservoirs  are 
needed  to  distribute  water  throughout  the  ir'rigation  season.     In  addition,- 
the  job  of  Vira.ter  conservation  involves  work  on  canal  systems  and  on  irriga- 
tion structures  as  well  as  the  final  distribution  and  application  of  water 
on  crop  lands. 

Almost  all  of  these  small  irrigation  systems  are  in  poor  general  con- 
dition, have  less  than  half  their  original  capacity,  and  need  complete  reha- 
bilitation of  both  canals  and  structures,    liany  have  been  in  operation  from  50 
to  100  years,  or  more,  mth  inadequate  original  technical  design  and  minimum 
maintenance  since  then.     Now,  however,  modern  methods,  materials  and  equipment 
make  rehabilitation  practical  in  most  cases.     Improved  headworks,   sluicing  and 
desilting  devices  are  needed,  as  is  education  in  their  proper  operation.  As 
erosion  on  the  watersheds  has  increased,   damage  from  side  drainages  lias  become 
an  expensive  problem  and  diversion  of  side  flovyrs,  or  structures  to  pass  flows 
over  or  under  the  canal  are  badly  needed  on  most  systeras.     Few  of  the  com- 
panies have  engineering  services  available.     By  making  such  services  available, 
the  Soil  Conservation  Service  has  given  considerable  impetus  to  system 
improvement. 

Another  source  of  inefficiency  has  been  the  multiplicity  of  canal 
systems,     Consolidatio.n  would  help  save  v/ater  and  increase  the  efficiency  of 
maintenance  and  operation,  but  differing  mter  rights,  varying  financial  con- 
ditions of. the  companies,  and  human  suspicions  and  jealousies  usually  make 
consolidation  difficult.  '  ■ 

Desire  to  reduce  development  costs  frequently  has  led  small  irrigation 
companies  to  use  water  on  less  desirable  land.     Ordinarily,  too,  poor  land  is 
assessed  the  same  as  good  land,  leading  farmers  to  irrigate  all  land  for  which 
they  have  water,  including  land  that  is  rough  and  steep.     The  Soil  Conserva- 
tion Service  encourages  permanent  pastures  and  careful  irrigation  on  areas 
lik-e  this  to  control  erosion  and  obtain  more  profitable  use  of  the  land  in 
accordance' with  its  capabilities. 

Improvement  of  irrigation  systems  is  an  essential  phase  of  conserva- 
tion work  for,  quite  logically,  no  farmer  will  m.ake  expensive  improvements  on 
his  place  until  he  has  reasonable  assurance  tliat  he  can  get  water  with  which 
to  grow  good  crops,     Hovirever,  the  greater  opportunity  for  effecting  better  use 
of  water  lies  with  the  farmers  themselves.     For  tliis  reason,  the  major  portion 
of  the  technical'  services  available  from  the  Soil  Conservation  Service  in  this 
Region  is  utilized  on  individual  units,  '  , 

Erosion  is  a  serious  problem  in  mkny  irrigated  areas,  but  frequently  it 
goes  imnoticed  for  a  time  because  tillage  obliterates  the  symptoms.  Fields 
laid  out  on  non-erosive  irrigation  grades  will  remove  this  hiazard.    Lengths  of 
irrigation  runs  need  correlating  with  the  irrigation  method  used,  the  size  of 
the  head  of  -water  available,   soil  conditions,  and  the  crops  to  be  gro-vm,  so 
that  uniform  penetration  is  obtained.     This  includes  precise  leveling  of  the 
land  and  construction  of  ditch  structures  to  control  water  closely.  Most 


farms  need  quantities  of  inexpensive  checks,  drops,  turnouts,  spiles  and  iwater 
measuring  devices.     V/eed  control  on  ditch  banks  is  v/idely  needed.     In  many 
places,  water  is  delivered  to  the  farmer  in  such  a  small  flow  that  efficient 
use  is  impossible.     In  those  cases,  small  ponds  can  sometimes  store  the  night 
flow  and  provide  an  adequate  head  of  daytime  irrigation  and,  with  certain 
modifications,  such  ponds  can  also  produce  fish. 

Strong  winds  are  common  during  the  grovdng  season  in  many  of  the  irri- 
gated areas.     It  is  recognized  that  trees  in  the  form  of  farmstead  and  field 
windbreaks  require  a  certain  amount  of  soil  and  water  for  growth,  .but  it  is 
also  known  that  good  tree  windbreaks  of  the  proper  composition  of  trees  and 
shrubs,  properly  spaced  and  located,  are  of  definite  value  through  reductions 
in  wind  velocities.     The  Soil  Conservation  Service  assists  in  the  planning  of 
field  windbreaks  v/hen  the  farmer  is  convinced  that  they  will  be  of  definite 
value  in  reducing  wind  damages.     Mndbreaks  likevdse  have  a  definite  wildlife 
value. 

After  the  various  physical  improvements  are  made,  there  still  remains 
a  big  educational  job  and  the  need  for  farmers  to  use  their  knowledge  and 
improvements  to  the  fullest  advantage.     They  need  to  know  capabilities  of 
their  soils,  the  water  requirements  of  various  crops,  depth  of  root  zone, 
and  soil  and  moisture  relationships.     They  must  learn  to  judge  the  available 
soil  moisture  and  to  apply  water  without  wastage.     Soil  and  its  fertility 
and  organic  content  usually  are  depleted  rapidly  in  irrigated  sections.  So, 
fertilizers,  green  manure  crops,  and  flexible  rotations  are  needed.  The 
right  crops  at  the  right  time,  weed,  plant  disease  and  insect  control,  good 
cult-ural  practices  adapted  to  the  needs  of  crops  and  the  limitations  of  the 
soil,  maintaining  fertility  and  organic  content — all  these  are  essential  to 
good  irrigation  farming,   save  soil  and  ^m.ter ,  and  usually  bring  marked  in- 
creases in  crop  yields. 

Inefficient  distribution  systems  and  wasteful  use  of  water  on  the  land 
have  resulted  in  drainage  and  alkali  problems  v/hich  liave  limited  production 
on  or  caused  abandonment  of  significant  acreages  in  most  irrigation  projects. 
Seepage  from  storage  reservoirs,  main  irrigation  canals  and  farm  laterals, 
leaky  well  casings,  and  improper  use  of  irrigation  water  all  contribute  to 
V\rt>.ter  table  problems,. 

High  mter  table  or  waterlogging  is  not  the  only  result  of  poor  drain- 
age.    Soils  in  arid  and  semi -arid  areas  normally  contain  at  least  0.1  percent 
or  one  and  one-half  tons  of  soluble  salts  per  acre  foot.     Host  irrigation 
water  contains  dissolved  salts.,  and  if  surplus  irrigation  water  cannot  drain 
readily  through  the  soil  and  out  to  some  channel,  these  salts  eventually  vdll 
accumulate  in  the  soil  to  the  point  where  profitable  crop  production  is  no 
longer  possible.     Control  of  ground  water  is  an  absolute  necessity,  not  only 
for  reclamation  of  alkali  affected  lands,  but  also  to  insure  the  permanence 
of  existing  irrigated  lands.     The  excessive  salts  must  be 'leached  downward 
and  out  of  the  root  zone  through  natural  or  artificial  drainage. 
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Drainage  of  irrigated  lands  must  be  based  on  knowledge  of  the  source 
and  mo-7:-ement  of.  ground  mter,  permeability  and  stratigraphy  of  the  soils,  and 
the  nature  of  the  alkali.     Controlling  the  source  of  seepage  "water  is  essen- 
tial to  effective  drainage.     Sealing  pervious  canals  and  reseryoirs  with  clay, 
bentonite,   concrete  or  asphalt  is  usually  the  most  logical  means  of  eliminat- 
ing seepage  but  it  is  costly.     In  some  marshy  sites,  due  to  topography  or 
soil  type,  drainage  is  not  practical'.     Such  areas  may  be  developed  and  ma.naged 
to  produce  muskrats  and  waterfowl  and  other  Vidldlife, 

The  Soil  Conservation  Service  is  assisting  farmers  to  control  the 
acreage  of  irrigated  lands  affected  by  high  water  table  and  salts  and  to 
reclaim  as  much  of  the  present  affected  acreage  as  possible.     Such  work  is 
essential  to  a  permanent  irrigated  agriculture.     But  perhaps  .90  percent  of 
the  job- is  yet  untouched. 

RANGE  AND  FOREST  LAl'DS 

Range  and  forest  watershed  lands  engage  a  large  share  of  the  attention 
and  efforts  of  the  conservationists  of  the  Southvrest  Re^-^ion  in  their  assist- 
ance to  soil  conservation  districts.     These  lands  are  of  special  concern  be- 
cause, as  has  been  said,  perliaps  nowhere  else  in  the  country  is  the  use  of 
range    and  forest  lands  in  the  mtersheds  of  such  critical  importance  to  the 
entire  economy. 

Since  soixrces  of  data  do  not  distinguish  betv^een  range  and  farm  live- 
stock, it  is  impossible  to  determine  accurately  the  range  livestock  popula- 
tion.    The  I9I+5  agricultural  census  for  the  four  States  indicated  tliat  roughly 
3,500,000  beef  cattle,  a  little  over  6,000,000  sheep  and  about  250,000  goats 
subsisted  cliiefly  on  range.     In  addition,   some  750,000  dairy  cattle  and 
horses  make  considerable  use  of  range. 

More  than -half  the  total  range  area  is  in  federal  ownership,    A  major 
por-tion  of  the  .federal  grazing  lands  is  in  the  so-called  desert  zone  where 
public  domain  predominates,  and  in  the  liigh  mountains  v^hich  are  largely 
national  forests.     Private  ownership,  together  vdth  lease  of  State  lands, 
occurs  chiefly  in  the  vast  intermediate  zone.     These  zones  overlap  greatly 
but  serve  to  delineate  characteristics  of  clirr.ate,  soil,  vegetation  and  type 
of  use  "which  affect  the  work  of  range  conservation. 

The  arid  "desert"  area  has  annual  precipitation  of  9  inches  or  less, 
high  summer  temperatures  and  hi^h  evaporation.     Present  vegetation  is  princi- 
pally desert  shrub  with  relict  areas  of  desert  grass,  formerly  "widespread 
hut  severely  depleted  during  recent  generations.     The  balance  of  nature  is 
precarious  for  perennial  grasses  and  they  are  quickly  destroyed  by  misuse. 
This  zone  has  elevations  up  to  about  5,000  feet,  and  it  comprises  about  26 
percent  of  the  Region,     Little  of  the  -water  supplies  but  much  of  the  sediment 
in  the  streams  come  from  this  belt.  ^ 


The  intermediate  zone  has  a  precipitation  ran  .ire  from  10  to  20  inches. 
Vegetation  types  include  the  short  grass  plains,  pinon- juniper ,  sagebrush, 
scrub  oak  and  other  "browse",  and  ponderosa  pine  areas.  All  these  tirpes , 
under  natural  conditions,  support  a  good  herbaceous  cover  of  grasses  adapted 
to  the  arid  and  semi -arid  conditions  and  this  zone  is  the  most  important  one 
in  production  of  range  livestock.  Elevations  range  from  ^,300  to  8,000  feet 
and  the  zone  includes  about  62  percent  of  the  Region. 

The  third  zone  includes  the  high  mountain  areas,   has  precipitation 
of  20  to  lj.0  inches,  and  occupies  elevations  from  7,500  to  more  than  ll;,000 
feet  above  sea  level.  '  Practically  all  the  timber  lands  occur  in  this  zone, 
but  there  are  al.'^o  extensive  wet  and  dry  meadov/s  and  open  grass  parks.  An 
understory  of  herbaceous  vegetation,   suitable  for  grazing,  exists  except 
where  forests  are  too  dense  to  permit  its  growth.     It  contains  about  10 
percent  of  the  total  area  of  the  Region  and  yields  a  high  percentage  of  the 
water  supply  but  little  of  the  sediment  of  southwestern  streams. 

Virtually  all  commercial  timber  production  is  from  high  mountain  areas 
in  this  third  zone  where  annual  precipitation  is  20  inches  or  more.     The  prin- 
cipal tree  species  are  ponderosa  pine,  lodgepole  pine,  Engelmann  spruce, 
Douglas  fir  and  v^rhite  fir.     Ponderosa  pine  makes  up  the  largest  percentage, 
particularly  in  Arizona  and  Nev^r  Mexico,     Other  species  include  aspen,  cotton- 
wood,  limber  pine,  alpine  fir,  juniper  and  pinon. 

Most  of  the  forest  land  is  under  federal  ovmership,  principally  as 
national  forests.    Areas  v/ithAn  the  national  forests,  state  forests,  Indian 
reservations  and  other  small  areas  in  federal  ovmersliip  are  under  management, 
and  cutting,  in  most  cases,  is  carefully  regulated.     Some  of  the  larger  tim- 
ber owners  are  shomng  interest  in  the  management  of  their  holdings  on  a 
sustained  yield  basis.     Some  of  the  farmers  and  ranchers  o\ming  woodland 
areas  within  soil  conservation  districts  are  making  use  of  the  technical  as- 
sistance available  to  them  from  the  Soil  Conservation  Service  in  the  manage- 
ment of  these  areas.     Farmers  and  ranchers  as  a  Virhole,  however,  have  not 
shown  much  interest  in  the  proper  management  of  their  woodlands.     This  is 
largely  because  they  do  not  realize  their  full  value,     Yi/hen  trees  have  been 
sold,  it  has  usioally  been  on  a  lump-sum  or  stumpage  basis  in  which  the  owner 
received  only  a  small  percentage  of  the  actual  value  of  his  woodlands. 

The  importance  of  timber  management  can  hardly  be  over-estimated. 
Irreparable  damage  through  injudicious  timber  cutting,  followed  by  over- 
grazing,' has  already  been  done  to  some  areas  in  terms  of  timber  reproduc- 
tion, loss  of  soil  and  increasing  flood  hazard.     Timber  cutting  in  the 
Southwest  offers  certain  erosion  hazards  under  the  best  of  conditions,  but 
if  only  mature  trees  are  cut,  leaving  a  fev;"  seed  trees  per  acre  and  all  of 
the  straight  growing  immature  trees,  a  good  timber  stand  can  be  maintained. 
Erosion  can  be  prevented  by  using  slash  to  block  skid  trails  and  roads  that 
are  no  longer  needed,  where  this  practice  v/ill  not  cause  a  fire  Imzard.  If 
cut-over  areas  are  protected  from  fire  and  overgrazing,  vegetation  of  all 
classes  will  quickly  cover  the  disturbed  soil. 
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Improper  timber  cutting,  coupled  mth  overgrazing,  encourages  spread 
of  sage  and  oak  brush,  pinon,   juniper,  mesquite  and  other  species  of  lov;"  value 
either  for  grazing  or  for  erosion  control.     Once  they  are  established,  eradi- 
cation of  these  species  is  slow  and  e::pensive.     Proper  management  of  the  land 
and  vegetation  is  the  first  step  in  solution  of  this  important  problem  in 
many  v/atershed  areas,  . 

Depletion  of  the  grass  cover  has  reduced  the  available  feed  for  live- 
stock to  the  point  where  livestock  number s  now  carried  on  southwestern  ranges 
are  probably  not  more  than  half '  tliat  of  former  years.    At  the  tim.e  this  Region 
was  opened  to  settlement,  there  were  vast,  accumulated  reserves  of  vegetation 
and  no  one  knev/  proper  grazing  rates.     Before  such  rates  v^ere  known,  ranges 
were  stocked  on  the  basis  of  the  reserve  productivity.     Expansion  of  the  live- 
stock industry  was  phenomenal  and  \\ddespread  depletion  occurred  before  it 
could  be  controlled. 

Roads,  railroads,  trails,  lumbering  operations,  mining,  and,  in  fact, 
every  use  by  man  contributed  its  share  to  range  depletion.     There  is  no  indi- 
cation that  climate  or  precipitation  have  changed  materially.     However,  the 
erratic  character  of  the  rainfall  lias  had  bearing  because  range  use  has  often 
been  based  on  the  vegetation  produced  in  more  favorable  years.     This  meant 
damage  to  the  range  during  drouth  periods,     Likevdse  tliis  Region  has  its  full 
share  of  uneconomic  operating  units,  resulting  in  "mining"  the  range  in  an 
effort  to  stretch  resources. 

The  use  pattern  and  the  nature  of  southvrestern  ranges  make    the  treat- 
ment of  erosion  diff-erent  from  that  in  humid  regions.     The  low  per-acre  income 
makes  it  impractical  for  operators  to  attempt  expensive  treafc-.ent.     The  most 
important  treatment  and  the  only  one  that  can  be  applied  to  all-  range  land  is 
range  management. 

Reduced  to  its  simplest  terms,  range  rnanagem.ent  means  adjusting  graz- 
ing by  livestock  to  the  forage  v/hi  ch  Nature  produces.  Fortunately  m.anagement 
practices  such  as  rotation  and  deferred  grazing  vdiich  require  no  large  outlay 
of  either  labor  or  materials .  are  generally  effective  in  producing  both  maxi- 
mum forage  yields  and  maximum  soil  conservation.  Supplementary  treatments 
like  fencing,  stock  water  development,  gully  control,  water  spreading  and  di- 
versions, may  serve  for  erosion  control,  to  facilitate  good  use  of  the  range, 
or  for  both  purposes. 

li'Vhere  lands  have  been  depleted  by  overgrazing  or  abandoned  after  un- 
successful cultivation,  reestablishment  of  grass  or  more  desirable  species 
of  grass  can  sometimes  be  accomplished  by  conservative  grazing  and  proper 
handling  of  livestock.     But,  if  there  is  an  insufficient  nuiriier  of  desirable 
range  plants    present,  artificial  revegetation  may  be  the  only  answer.  This 
requires  seeds  of  adapted  species  of  grasses  and  legumes  and  they  must  be 
available  at  reasonable  cost.     Species  used  in  range  reseeding  should  be 
capable  of  producing  a  permanent  usable  range  pasture  and  reseeded  areas  must 
be  protected  until  well  established,     Kany  native  grasses  and  a  few  introduced 
species  have  proved  their  worth  in  range  revegetation.     Some  seeds  are  diffi- 
cult to  collect  from  native  stands  but  can  be  produced  from  farm  plantings. 
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Reseeding  of-  range  and  farm  lands  gives  the  stockman  an  opportunity 
to  establish  range  pastures  which  will  provide  [^razing  at  seasons  v;hen  his 
other  range  units  are  unproductive  or  should  be  rested.     The  replacement  of 
poor  and  undesirable  vegetation  with  desirable  range  forage  plants  controls 
er.  sion,  is  of  great  economic  value  to  the  livestock  industry,  and  also  aids 
irrigation  interests  by  keeping  sediment  out  of  stream  channels,  reservoirs 
and  canals. 

In  addition  to  grazing  and  lumbering,  range  and  forest  watershed  lands 
have  other  uses — recreation    wildlife  production,  vra.ter  supply  protection  and 
mining,    ilany  of  the  complications  in  range  use  and  management  result  from 
the  requirements  of  the  multiple  uses. 

DRY  lAND  FARIvING 

Land  capability  is  the  most  important  factor  in  determining  the  use 
tliat  is  to  be  made  of  land  in  the  dry  farm  areas  of  the  Region.     Unless  these 
lands  are  farmed  vdth  crops  and  practices  adapted  to  their  capabilities,  they 
probably  should  not  be.  considered  as  arable  lands.     The  soil  erosion  hazard 
is  high;  its  solution  is  complicated,     i-ost  of  the  land  is  subject  to  wind 
erosion  damage  unless  adequately  protected.     Even  so     soils  are  not  generally 
the  major  factor  limiting  production  because  they  are  usually  deep  and,  al- 
though low  in  organic  matter,  do  produce  abundantly  during  v/et  years. 

Precipitation  is  erratic  in  most  areas  vdth  annual  extremes  of  6 
inches  or  less  to  more  than  i+O  inches.     Seasonal  variations  are  as  extreme 
as  the  annual.     Dry  years,  vfhen  crops  which  would  provide  protective  resi- 
dues are  hardest  to  produce,  are  the  years  when  cover  is  most  needed.  And, 
during  wet  years  when  ample  residues  could  be  produced,  ma.ny  farmers  either 
remove  everything  at  harvest  or  graze  off  the  stubble  before  spring.  Then, 
if  blowing  starts,  they  must  rely  on  emergency  tillage,  a  poor  substitute 
for  crop  residues  in  controlling  wind  erosion. 

Most  of  the  better  dry  farm  land  in  the  Region  falls  in  Class  III 
where  cultivation  is  considered  safe  if  intensive  measures  are  applied  to 
cope  mth  the  hazards  of  climate.     Land  in  areas  where  uncertain  precipita- 
tion makes  continuous  cultivation  questionable,  and  where  special  treatment 
or  practices  are  required  for  protection  against  vand  erosion,  are  placed 
in  Class  IV,     If  soil  characteristics  are  unfavorable,  the  lands  are  non- 
arable,  placed  in  Classes  V    VI  and  VII ,  and  should  be  used  only  for  grazing 
subject  to  conservation  treatments  va.rying  from  slight  to  extreme,  respec- 
tively. 

Practically  all  areas  containing  Land  Classes  II  (cultivated  safely 
with  easily  applied  conservation  practices)  and  III  h^ave  two  or  more  genera- 
tions of  farming  behind  them  and  farmers  there  are  more  easily  convinced  of 
the  accuracy  of  land  classification  than  in  the  newer  areas  where  there  is 
usually  considerable  Class  IV  land,    A  large  part  of  the  land  on  the  marginal 
side  of  Class  IV  and  in  Classes  V  and  VI,  although  productive  in  wet  years. 
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constitutes  a  special  wind  erosion  problem  in  nost  areas  during  years  of 
less  than  normal  precipitation  when  production  of  an  adequate  crop  residue 
cover  is  most  needed  and  I'lardest  to  produce. 

Lacking  long-time  climatological  information  and  cropping  history, 
it  is  sometimes  difficult  to  know  whether  land  should  be  in  Class  IV  or  in 
Classes  V  or  VI.     On  such  lands,  it  is  still  more  difficult  to  obtain  farmer 
acceptance  of  land  capability  classifications  because  of  high  yields  during 
wet  years  and  a  great  tendency  to  consider  wet  years  as  normal  and  dry  years 
as  subnormal.     The  past  five. years  have  been  unusually  favorable  in  some  areas 
in  both  crop  yields  and  prices,    Llany  thousands  of  acres  of  good  range  land 
have  been  plowed  up  and  more  will  probably  be  plowed  until  we  again  experience 
lovr  yields  and  prices*    Most  of  this  recently  plo\Ysd  land  will  be  abandoned 
ultimately  and  vdll  be  a  liability  on  the  States  until  it  i s  reclaimed  through 
costly  revegetation.     The  only  protection  frcan  land  speculators  and  gambling 
farmers  during  favorable  crop  years  will  be  land  use  regulations  imposed  and 
enforced  by  local  people. 

As  m-ight  be  expected,  water  conservation  practices  are  more  readily 
accepted  than  other  conservation  practices  in  the  dry  farm  areas.  Contour 
farming  is  increasing  steadily  in  all  areas.     Terracing,  both  as  a  water  con- 
servation practice  on  the  flatter  slopes  and  as  a  supporting  practice  for 
contour  farming  on  slopes  subject  to  water  erosion,  is  increasing  slowly. 
Obstacles  to  a  rapid  increase  include  difficulty  of  adjusting  large  type  ma- 
chinery to  terrace  farming,  inadequate  research  data  to  prove  the  value,  and 
the  slowness  of  establishing  grassed  waterways.    Lechanical  stabilization  is 
impractical  in  most  areas  and  the  intervals  betv/een  effective  precipitation 
are  usually  so  long  that  establishment  of  an  effective  sod  cover  'is  slow. 
Contour  farming  is  recoraraended  for  all  land  except  deep,   sandy  soil  where 
the  water  intake  is  rapid  and  where  uneven  topography  makes  the  establishment 
of  contours  impractical.     In  these  cases,  farming  across  the  direction  of  the 
prevailing  winds  is  recommended. 

Strip  cropping,  wlxile  on  the  increase  in  some  areas  ,  has  not  been  ac- 
cepted generally,    A  pattern  of  winter  wheat,  fallov;  and  winter  wheat,  the 
fallowed  strips  alternating  with  the  cropped  strips,  is  provin{;j  to  be  a  good 
practice  for  both  wind  and  water  erosion  control  in  the  northern  part  of  the 
Region  where  a  large  portion  of  the  precipitation  cor.ies  in  vdnter  and  spring. 
Farmers  generally  recognize  the  value  of  strip  cropping,  but  object  to  the 
practice  because  their  equipment  is  more  adapted  to  large  field  operations 
and  would  have  to  be  moved  from  one  field  to  another  several  times  during  the 
year.     In  the  southern  part  of  the  Region,  where  most  of  the  moisture  comes 
in  late  spring,   summer,  and  early  fall,  the  ^oil  Conservation  Service  and 
state  experiment  stations  advocate  a  flexible  cropping  system.     This  includes 
the  use  of  fallov/,  preferably  in  a  strip-crop  pattern,  only  when  sub-soil 
moisture  reserves  in  the  fall  total  less  than  four  inches  of  stored  moisture. 
¥nen  sub-soil  moisture  is  more  than  four  inches,  the  use  of  sorghums  in  strips  , 
is  r ecomip.ended.     Strip  cropping  for  the  protection  of  non-residue  producing 
crops  such  as  beans  is  not  being  used  to  any  great  extent.     Farmers  generally 
still  decline  to  narrow  their  strips  to  the  extent  necessary  for  protection — 
eight  rows  or  less. 
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Residue  production  and  mana/];eraent  should  always  be  the  Number  One 
practice  for  all  dry  farm  land  because  it  is  equally  valuable  for  water  con- 
ser-vation  and  water  and  wind  erosion  control.    As  previously  noted,  the  chief 
obstacles  to  proper  residue  management  for  vdnd  erosion  control  are  economic 
pressures  on  the  farmer  during  years  of  low  crop  yields,  and  the  fact  thiat 
lands  are  still  being  farmed  that  yield  residue-producing  crops  only  during 
the  more  favorable  years. 

Practically  all  dry  farm  land  in  the  Re^on  is  now  in  soil  conserva- 
tion districts.     The  major  problem  conf rontin{;;  boards  of  supervisors  in  get- 
ting soil  conservation  practices  adapted  in  these  districts,  hov/ever,  is 
ti-j3.t  there  are  still  individual  farmers  not  yet  ready  to  acknov/ledge  "chey 
are  trying  to  farm  some  land  that  should  be  retired  to  sod  cover, 

CONaUSION 

This,  then,  is  the  picture  of  soil  and  water  conservation  in  the 
Southwest  Region.     Nowhere  is  there  greater  dependence  upon  these  resources, 
and  nowhere  more  varied  and  difficult  problems  in  their  conservation.     But  a 
good  start  has  been  niade,  and  the  people  of  the  Region  are  joining  forces 
with  the  Soil  Conservation  Service  and  other  agencies  to  tackle  the  job  with 
ever  increasing  understanding  and  enthusiasm. 


